Objective-To investigate the release of chemoattractants after myocardial ischaemia during balloon angioplasty. Design-Sampling of femoral arterial and coronary sinus blood before and immediately after the first balloon inflation during angioplasty. In a study group of 16 patients the balloon was kept expanded for two minutes, whereas in a control group of eight patients the first balloon inflation was brief (<10 s). Main outcome measures-Chemotaxis of neutrophils from healthy donors towards patient plasma (Boyden chamber), superoxide anion production by normal neutrophils after incubation with patient plasma (cytochrome C reduction). Results-In the study group, coronary sinus plasma after balloon deflation was more chemoattractive to normal neutrophils (median relative increase 24% (quartiles: 4%, 45%), p = 0X008) and induced a higher superoxide anion production in normal neutrophils (44% (10%, 97%), p = 0.013) than arterial plasma. Concomitantly, the degree of activation of patient neutrophils was increased in coronary sinus blood compared with arterial blood, as shown by an increased proportion of neutrophils reducing nitroblue tetrazolium (21% (9%, 38%), p = 0-006) and a decreased neutrophil filterability (-16%(-3%, -40%), p = 0003) in coronary sinus blood. In the study group before balloon inflation and in the control group before and after balloon inflation differences between arterial and coronary sinus blood were not significant. Signs of ischaemia (lactate release, ST segment changes) were only detected in the study group.
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Conclusion-After transient myocardial ischaemia during balloon angioplasty there is a local release of chemoattractants, associated with neutrophil activation.
(Br Heart J 1993;70: [27] [28] [29] [30] [31] [32] [33] [34] Recent experiments suggest that interactions between leucocytes, platelets, and endothelial cells may cause microvascular injury in myocardial ischaemia. [1] [2] [3] [4] These cell to cell interactions involve an ongoing release of chemoattractants and cytokines57 and a progressive cell activation with discharge of various toxic compounds predominately derived from leucocytes.' Consistent with these concepts, changes in neutrophil function suggestive of cell activation have been found in peripheral and coronary sinus blood of patients with symptomatic coronary artery disease.89 The changes even occur in stable 8 9 angina, when myocardial ischaemia is transient and brief. During percutaneous transluminal coronary angioplasty (PTCA), repetitive short periods of myocardial ischaemia were associated with local neutrophil activation, as indicated by increased neutrophil elastase concentrations in coronary sinus blood.10 Moreover, in peripheral arterial occlusive disease with intermittent claudication short periods of ischaemia cause local alterations of neutrophil function.11
In coronary artery disease it is not known whether the changes in neutrophil function in stable angina or those found after PTCA are due to myocardial ischaemia itself or to processes occurring at the atherosclerotic plaque.8-'0 12 The purpose of our study was to find whether transient coronary occlusion during PTCA induces a release of chemoattractants with neutrophil activation that can be related to the ischaemia.
Patients and methods

PATIENTS
The study group comprised 24 During the study, patients were kept on aspirin (100 mg/day) and short acting oral nitrates, but the rest of their medication had been discontinued for at least five half lives. After premedication by 10 mg diazepam given orally and local anaesthesia, the coronary sinus was cannulated through the right internal jugular vein with a 7F multipurpose catheter. A 9F femoral artery sheath was inserted percutaneously under local anaesthesia and 10 000 IU of heparin were given intra-arterially. Balloon diameters when inflated ranged from 2 5 mm to 3 5 mm, depending on the size of the normal vessel segment adjacent to the stenosis. The guide wire of the balloon catheter was placed in the stenosis with the aid of fluoroscopy. Up to this point 25 ml to 65 ml of contrast medium (Solutrast, Byk-Gulden, Konstanz, Germany) had been used to manipulate the coronary sinus catheter and the balloon catheter.
Immediately after positioning the guide wire for the balloon catheter, blood samples were drawn simultaneously from the coronary sinus and from the femoral artery for one minute. Without any further application of contrast medium, the balloon was placed in the stenosis and inflated. In the study group of 16 patients the balloon was kept fully expanded for two minutes. In the control group of eight patients, however, the balloon was only briefly inflated until full expansion was achieved (<10 s). Immediately after deflation of the balloon, a second set of blood samples was drawn simultaneously from the coronary sinus and from the femoral artery for one minute. The blood samples were put on ice and processed immediately.
EFFECT OF PATIENT PLASMA ON NORMAL NEUTROPHILS
Normal neutrophils were taken from healthy donors. Preparation of neutrophils by density gradient separation was performed at 4VC." 16 Blood samples (50 ml) were anticoagulated with CPDA (Na-citrate, phosphate buffer, dextrose, adenine; Fa Greiner, Nurtingen, Germany) and were mixed with 15 ml of 3% dextran in normal saline (w/v, MW 266 000 g/mol). After sedimentation the supernatant was collected. Residual erythrocytes were lysed in 15 ml ice cold distilled water, and after 25 Table 1 shows the baseline characteristics of the study population. There were no significant differences between the control group and the study group in terms of age, sex, inflation pressure needed for full expansion, and severity of LAD stenosis before PTCA. In all patients PTCA was completed successfully and resulted in a median reduction in stenosis of 66% (54%, 81%).
In the study group, all patients experienced angina during PTCA that was accompanied by significant ST segment changes (table 1) . Furthermore, immediately after balloon deflation lactate concentrations in coronary sinus blood were significantly higher than in arterial blood (table 2, fig 1B) . Under resting conditions lactate concentrations did not differ significantly between coronary sinus blood and arterial blood (fig 1 B) .
In the control group, only one patient had angina during the first balloon inflation, but none of the patients showed significant ST segment changes (table 1) . Also, lactate concentrations in coronary sinus blood did not significantly increase after balloon inflation (table 2, fig 1A) .
EFFECT OF PLASMA ON NORMAL NEUTROPHILS
In the study group, plasma from coronary sinus blood after balloon deflation was more chemoattractive than plasma from simultaneously taken arterial blood (table 2) and plasma from coronary sinus blood before balloon inflation (median difference: 5 -1 (-2, 14-6) cells vision field; p = 0-016) ( fig 2B) . Concomitant significant changes in plasma induced chemokinesis, however, could not be found (not shown). Plasma stimulated superoxide anion production by normal neutrophils showed similar changes as plasma chemoattractiveness ( fig 3B) . After balloon deflation, plasma from coronary sinus blood Differences in the effects of patient plasma from arterial and coronary sinus blood on control neutrophils immediately after balloon deflation were significantly greater in the study group compared with the controls (table 2) .
FUNCTIONAL CHANGES IN NEUTROPHILS
Neutrophil counts did not show any significant differences between arterial and coronary sinus blood in either group (table 2) .
In the study group, immediately after balloon deflation coronary sinus blood contained a higher proportion of nitro blue tetrazolium positive neutrophils than coronary sinus fig 4B) . Furthermore, after balloon deflation filterability of neutrophils taken from coronary sinus blood was significantly lower than that before balloon inflation (median difference: -0 095
(-0-013, -0d185), p=0 004, fig 5B) .
Similar changes in the arterial blood were not found. Thus significant differences between arterial and coronary sinus blood nitroblue tetrazolium score ( fig 4B) and in late relative filtration rate of neutrophils ( fig 5B) were found immediately after balloon deflation (table 2) . In the control group, comparison of neutrophil data before and after balloon inflation did not show any differences; nor were there any significant differences between arterial and coronary sinus blood before or after balloon inflation (figs 4A and 5A, table 2).
Differences between arterial and coronary sinus blood in nitro blue tetrazolium score and in late relative filtration rate of neutrophils immediately after balloon deflation were significantly more pronounced in the study group compared with the control group (table 2) .
Discussion
Our present study shows for the first time that the heart, transiently rendered ischaemic by coronary artery occlusion during PTCA, releases chemoattractants for neutrophils. This was shown by increased chemotaxis of normal neutrophils towards plasma from the coronary sinus blood of the ischaemic heart. The potential of these chemoattractants for stimulating neutrophils was indicated by an enhanced superoxide anion production in normal neutrophils after preincubation with plasma from the coronary sinus blood of the ischaemic heart. Similar neutrophil activation, as found in normal neutrophils after preincubation with patient plasma, was found in the patients' native neutrophils immediately after transient myocardial ischaemia by balloon inflation, the coronary sinus blood contained more activated neutrophils with reduced deformability than did the arterial blood. 36 In the experiments on the effect of patient plasma on normal neutrophils, separation induced modifications of neutrophil function cannot contribute to the variations within individual patients. This was assured by the use of control neutrophils from the sarne separation procedure for each specimen of one patient. At least part of the variation between individual patients in the effect of patient plasma on control neutrophils, however, must be attributed to the experimental design, as the control neutrophils were taken from different donors for different patients. For this reason, no attempt was made to correlate the extent of stimulation of control neutrophils by patient plasma with the degree of activation in patient neutrophils or with the extent of release of myocardial lactate.
It is not impossible that neutrophil function and mediator release is affected by the treatment with aspirin37 or the exposure of blood cells to the foreign material introduced by the balloon. The changes associated with ischaemia however, cannot be attributed to these effects, as they did not differ between the control and the study group and were effective both under resting conditions and after balloon deflation. 30 Consistent with these concepts, cardiac release of vasoactive substances has been shown in patients with coronary artery disease. 44 Our study shows, for the first time, a release of chemoattractants with concomitant neutrophil activation in the ischaemic human heart during PTCA. Endothelial cell blood cell interactions with mutual cell activation may, therefore, be assumed to start early during myocardial ischaemia.
The local leucocyte activation may cause progressive cytotoxicity resulting in microvascular injury and even tissue damage.' The findings of our study may, therefore, help to explain the delayed functional recovery after PTCA, as indicated by: (a) delayed recovery to normal of coronary vascular reserve,45 ( In summary, our study shows a local release of chemoattractants with concomitant neutrophil activation after coronary occlusion for two minutes during PTCA, which is not found after brief (<10 s), but full balloon inflation. These findings may be explained by endothelial cell blood cell interactions with production of mediators, starting in the early course of myocardial ischaemia. The early changes in neutrophil function during myocardial ischaemia may contribute to the ischaemic injury. 
